Background: Revision total hip arthroplasty (reTHA) for peri-prosthetic fracture (PPF) is increasingly performed but still ranks fourth among reasons for reTHA in registries. In France, no specific registry is available and the frequency of PPF among reasons for THA revision is therefore unknown. Here, our objectives were to determine the relative frequency of PPF as a reason for reTHA, to identify patientrelated and primary-THA-related factors associated with reTHA for PPF, to describe reTHA modalities for PPF, and to determine the morbidity and mortality associated with reTHA for PPF. Hypothesis: PPF is the second most common reason for reTHA, after loosening. Methods: Consecutive reTHA procedures performed in 30 French centres over a 2-year period were collected prospectively. Repeat revisions and revisions of hemi-arthroplasties were excluded. The epidemiological, clinical, and surgical data needed to answer the questions of the study were collected. Results: PPF was the second leading reason for reTHA (249/2107, 11.8%). Vancouver type B2 fractures were the most common (n = 127 [51.5%]). Compared to patients who underwent reTHA for reasons other than PPF, those with reTHA for PPF were older at primary THA (67.9 years versus 57.7 years) and more often had intra-operative complications (16.9% versus 11.6%); furthermore, the primary THA was more often cementless (62.7% versus 42.7%) with a dual-mobility cup (20.6% versus 11.1%). At reTHA, the patients with PPF were older (77.6 years versus 69.2 years), had worst medical condition (mean ASA score, 2.4 versus 2.1) and less physically active (mean Devane score, 2.1 versus 2.4). The patients with reTHA for PPF had a shorter time to revision (9.8 years versus 11.4 years), a longer operative time (144 minutes versus 128 minutes), and more frequent use of the posterior approach (77% versus 67%) with a cementless dualmobility cup (78% versus 60%) and a cementless revision femoral stem (72% versus 50%). Morbidity and mortality rates were high (5.9% operative complication rate and 12% of surgical complications with 4.8% mortality within the first 3 months) however, these results were similar to those in the rest of the cohort. Discussion and conclusion: PPF is the second most common reason for reTHA, a result that is at variance with data in national registries. Level of evidence: Level IV, prospective observational cohort study.
Introduction
Total hip arthroplasty (THA) is the 'operation of the century' according to Learmonth et al. [1] in 2007. Despite improvements in study in 2009 to evaluate the epidemiology of first reTHA procedures, with the goal of elucidating the reasons for primary THA failure [9] . The data thus obtained have been used to assess reTHAs due to dislocation and infection [10, 11] , and the current study focused specifically on reTHA due to PPF.
The occurrence of PPF is increasing steadily, as a result of increases in life expectancy and number of THA procedures [10] . In France in 2006, the frequency of PPF was about 0.1 to 2% after THA and 0.3 to 2.5% after total knee arthroplasty [12] . Inter-prosthetic fractures of the femoral shaft are also uncommon (1.25%) [13] .
The primary objective of this study was to determine the frequency of PPF among the other reasons for reTHA. We hypothesised that PPF was the second leading reason for the first reTHA after loosening. Our secondary objectives were to look for patientrelated factors associated with reTHA for PPF, types of primary THA associated with reTHA for PPF, specific reTHA modalities in this indication, and the morbidity and mortality rates associated with reTHA for PPF.
Patients and method

Patients
We conducted a prospective multicentre cohort study over the 2-year period from January 2010 to December 2011. All the members of the French Society for Hip and Knee Surgery (Société franç aise de chirurgie de la hanche et du genou) who performed at least 30 reTHA procedures per year were invited to participate. We confined our study to the first reTHA after the primary THA; thus, repeat reTHAs were excluded. We also excluded reTHA after hemi-arthroplasty. We defined reTHA as a change of at least one component of the primary THA.
We identified 2153 reTHA procedures performed over the 2-year study period in 30 surgical departments (24 in public university and general hospitals and 6 in private institutions).
Assessment methods
We recorded the diagnosis leading to primary THA, age at primary THA, sex, and previous surgical procedures on the native hip. The following data at the time of reTHA were collected: age, approach, mode of prosthetic fixation, implant types, body mass index (BMI), American Society of Anesthesiologists (ASA) score [14] , Merle d'Aubigné-Postel (MAP) score [15] , Charnleycategory [16] , Oxford-12 Hip Score in its validated French version [17] and Devane activity score [18] . We obtained details on all intraoperative and postoperative surgical complications and all medical complications seen within the first 3 months. Femoral PPFs were classified using the Vancouver system [19] . We defined senior surgeons as surgeons having completed their clinical fellowship. For friction couple analysis, steel, cobalt-chromium, and titanium were pooled into a single 'metal' category; standard polyethylene (PE) and highly reticulated PE into a single 'PE' category; and alumina ceramics, zirconium ceramics, and Delta TM ceramics under a single 'ceramic' category.
Statistical methods
The data were collected into an online database (FileMaker TM Pro, San Diego, CA, USA). Of the 2153 cases, we excluded the 46 (2%) cases with missing data, which left 2107 cases for the analysis.
Descriptive statistics for continuous, ordinal, qualitative, and/or nominal variables were computed at the biostatistics department of the Lille University Hospital, Lille, France (SAS version 9.2 and SPSS version 15.0 statistical software). Bivariate comparisons of [19] . groups were performed using Student's t test or analysis of variance if the sample size was greater than 30. When the sample size was less than 30, the Mann-Whitney test or Kruskal-Wallis test was chosen. Between-group comparisons were achieved using the Chi 2 test or Fisher's exact test. Logistic regression was used for the multivariate analyses.
Results
As expected, the leading reason for first reTHA was aseptic loosening, with 891/2107 (42.3%) cases. PPFs were common and came in second position among reasons for reTHA, with 249/2107 (11.8%) cases [9] .
Epidemiological features of the population with peri-prosthetic fractures (PPFs)
PPFs occurred in 249 patients, with a predominance of women (60.5% versus 39.5% men) ( 
Characteristics of the revision total hip arthroplasties (reTHAs) for peri-prosthetic fractures (PPFs)
Mean time from primary THA to reTHA for PPF was 9.8 years, which was significantly shorter than in the rest of the cohort (11.4 years [ Table 1 ]). Nearly all the PPFs involved the femur (234/249, 94%), and most of them were type B in the Vancouver classification (204/249, 82%) [19] , with a predominance of type B2 ( Table 1 Comparison of epidemiological data in the group with peri-prosthetic fracture as the reason for revision and in the group with other reasons.
Data
Peri for PPF was more often performed via a posterior approach compared to other reasons for reTHA (77.4% versus 67.3%). In addition, the PPF group had larger proportions of patients whose revision implants were long (88.1% versus 23.4%) and cementless (72.2% versus 50.4%) ( Table 3 ). In the PPF group, a dual-mobility cup was more often selected for cup changes (78.6% versus 60.3%) and a hard-on-hard friction couple was less often used (11.5% versus 23%) (Table 3) . Table 4 details the adjunctive procedures required (chiefly cerclage).
The frequency of intra-operative complications (Table 5 ) was 14/238 (5.9%) in the PPF group, which was not significantly different from that in the group with other reasons for reTHA (131/1800, 7.3%). The frequency of intra-operative complications was not significantly different between junior and senior surgeons. 
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Data
Group with peri-prosthetic fracture Group with other reasons for revision P value
Time from THA to reTHA 9. 
Discussion
This prospective study confirmed our hypothesis that PPF was the second leading reason for first reTHA. This finding in France is at variance with data from other countries, where PPF usually ranks fourth or fifth among reasons for reTHA (Table 6 ) [9] .
Several limitations of our prospective study must be acknowledged. We did not include all the centres in France. Some data were missing, despite the prospective study design. We do not have any information on the source population within which the patients with reTHA came from and, more specifically, we do not know which fixation methods were used for the total number of primary THAs. This point may explain the predominance of cementless THAs in the group with reTHA for PPF. The statistical Table 5 Details on intra-operative complications during revision total hip arthroplasty (reTHA) for peri-prosthetic fracture (PPF). 4 analyses are open to discussion, since they compared several different reasons for revision but did not enable us to identify definite risk factors for revision. This fact emphasises the need for establishing a national registry. In contrast, our conclusions regarding the description of the PPF population are valid, since the data were collected prospectively and the sample size was large.
Intra-operative complication
The typical patient with reTHA for PPF in our study was a woman younger than 80 years who was in fair general health, was selfsufficient but with a low level of physical activity, and had fair hip function after primary THA. Data on PPFs at the hip and knee were reported at the 2005 SoFCOT symposium [10] . Compared to this early study, despite the ageing of the population, the typical patient profile associated with PPF has shown little change, apart from a slight decline in general health.
The epidemiological snapshot provided by our study delineates the typical primary THA procedure at greater risk for PPF. Factors associated with reTHA for PPF were a cementless prosthesis with a metal/polyethylene couple implanted via the posterior approach for osteoarthritis, more often with a dual-mobility cup than in the group without PPF. The greater proportion of patients with dualmobility cups in the PPF group may be ascribable to load transfer on to the proximal femur, given the greater stability of the prosthesis, which is no longer the weakest component. Our data differ from those in the Norwegian registry [20] , in which THA for femoral neck fracture was a risk factor for PPF (relative risk, 5; P = 0.002), whereas osteoarthritis was the most common reason for reTHA for PPF in our study.
The femoral fracture type in the Vancouver classification [19] was consistent with the study reported at the 2005SoFCOT symposium [10] , in which type B predominated (61% in the retrospective and 55% in the prospective dataset). More specifically, among type B fractures, the proportion of type B1 fractures was increased in the 2005 study (6% retrospectively and 17.6% prospectively), in accordance with our findings. The proportion of type B2 fractures remained unchanged (55.7% retrospectively and 50% prospectively), in keeping with the 51.5% proportion in our cohort. Finally, the proportion of type B3 fractures was noticeably decreased in the 2005 study (24.8% retrospectively and 17.6% prospectively), suggesting closer and more regular follow-up of patients with primary THA. However, this possibility was not borne out by our finding that 20.5% of the fractures were type B3 in 2011. The tendency to prefer conservative treatment for type C PPFs was confirmed in our study, as only 0.8% of these fractures were managed by reTHA. The introduction of new locking fixation devices has probably changed the management strategies for these distal fractures [21] .
Most reTHA procedures for PPF involved changing only the femoral component, via the posterior approach, with a long and usually unlocked stem, generally in combination with a cementless dual-mobility cup. The selection of these implant types was designed to minimise the risk of dislocation while replicating the native hip anatomy and femoral offset as closely as possible. In the PPF group, similar proportions of patients had received long locked stems and long unlocked stems. When the isthmus is intact, a long, unlocked, cementless stem can be used, whereas a locked stem is indicated when the isthmus is deficient [22] . When the cup had to be changed, a cementless dual-mobility cup was selected to minimise the risk of dislocation, whose frequency after reTHA is high, similar to that seen in primary THA for femoral neck fracture [23] . For THA revision surgery, dual-mobility cups have been proven effective [24] [25] [26] . Nevertheless, dislocation remained the leading complication in our study, with a frequency of 4.7% (11/234), which constitutes, however, a noticeable improvement compared to the 10% and 15.6% frequencies in the retrospective and prospective series reported in 2005 [10] . It is worth noting that PPF management with internal fixation was associated with an extremely low dislocation rate (0% and 1.8% in the retrospective and prospective series, respectively), emphasising the destabilising effect of THA exchange, even when partial [10] . Nevertheless, the use of a dual-mobility cup remains recommended in this indication.
Comparatively to the group without PPF, the group with PPF had a larger proportion of patients managed by junior surgeons, a difference that probably contributes to explain the longer operative time. However, the intra-operative complication rate was similar in the PPF group and in the other group (5.9% versus 7.3%). Medical complications (15.6%) were more common in the PPF group, but the difference with the other group was not statistically significant. Similarly, the frequency of surgical complications was similar after reTHA for PPF (12%) or other reasons (12.4%). Despite the comparable medical and surgical morbidity rates, reTHA for PPF remains a major procedure associated with non-negligible mortality (4.8% within 3 months). The mortality rate is difficult to compare with those in the 2005 series [10] , since the followup durations were different (9.1% for the prospective series and 9.8% for the retrospective series). These mortality rates are fairly close to those reported in elderly patients with femoral neck or distal femoral fractures [27, 28] . The high morbidity and mortality rates confirm the need for multidisciplinary medical management [25, 29] . Table 6 Comparison of percentages of patients requiring revision total hip arthroplasty (reTHA) for peri-prosthetic fracture (PPF) across registries and published studies. 
Conclusion
In contrast with data from the main national registries, in our study PPF was the second leading reason for reTHA. Compared to patients with other reasons for reTHA, those with PPF were older, more vulnerable, and less physically active. Morbidity and mortality rates were high but consistent with those reported previously, emphasising the major nature of the surgical procedure rather than a role for the indication. Increased awareness among patients and surgeons about the need for regularly monitoring primary THA is the only effective measure for preventing the development of extensive damage, which increases the risk of a complex PPF procedure, technical difficulties during reconstruction, and higher morbidity rates.
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